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Foreword

In conducting the research described in the report, the
investigators adhered to the "Guide for the Care and Use of
Laboratory Animals," as prepared by the Committee on Care and Use
of Laboratory Animals of the Institute of Laboratory Animal
Resources - National Research Council (DHEW Publication No. (NIH)
78-23, Revised 1978).

Citations of commercial organizations and trade names in
this report do not constitute an official Department of the Army
endorsement or approval of the products or services of these
organizations.
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A. Generation of Monoclonal Antibodies to Saxitoxin (STX)

In our continued attempt to generate monoclonal antibodies
specific for STX with high binding affinities, two further fu-
sions were performed with spleen cells from mice immunized with
STX conjugated to keyhole limpet ibemocyanin (KLH) using formalde-
hyde. A total of 1,799 hybrids were screened by STX-bovine serum
albumin (BSA) ELISA (data not shown). A total of 21 (1.2%)
hybrid supernatants were found to be positive for binding and
were inhibited by free STX but not irrelevant antigens. However,
none of these monoclonal antibodies exhibited relative binding
affinities greater than 105 M-1.

Two new approaches have been initiated in an attempt to
increase the binding affinities. The first one involved an in
vitro secondary immunization of STX-primed mouse spleen cells
prior to fusion. Spleen cells from STX-KLH immunized mice were
cultured in the presence of RPMI 1640 with 10% fetal bovine serum
(FBS), 20% allogeneic supernatant and 1 uM STX. Allogeneic

medium was prepared by co-culturing dissociated spleen cells from
two histo-incompatible mice. Spleen cells from BALB/c and C57BI
at a density of 106 cells/ml were mixed at a ratio of 1:i in 10%
serum-containing RPMI 1640 medium for 3 days. The in vitro
secondary immunization culture was carried out at a density of 5
x 106 cells/ml for 4 days. Cells were then harvested by centrif-
ugation and fused to NS-l mouse myeloma cells. The resulting
hybrids were screened for binding to microtiter wells coated with
STX-BSA formaldehyde conjugate. The percentage of positive
anti-STX hybrids was considerably enhanced by the in vitro sec-
ondary immunization technique (Table 1), ranging from 12.3 to
20.6%. The increased percentages presumably reflect selection
for anti-STX reactive spleen cells and their expansion during the
secondary immunization culture period. Although a number of
these clones demonstrated specific reactivity to STX and not
tetrodotoxin (TDT), IC 5 0 analysis of the antibody-containing
supernatants of these cultures, to date, has not revealed any of
these to have strong binding affinities to STX.

The second approach involved the development of a potential-
l.y highly immunogenic STX conjugate by coupling STX to KLH via
the linker N-succinimidyl 3-2 (pyridyldithio) proprionate (SPDP).
To prepare the conjugate, 50 mg of KLH in 15 ml of borate buff-
ered saline (BBS, pH 7.25) was added to'5.2 mg of SPDP and 200 ul.
dimethyl formamide (1000:1 molar excess). The mixture was react-
ed for 1 houir at room temperature and dialyzed overnight against
BBS, pH 8.0, at 40 C'. To the KLH-SPDP was added 3.85 mg of di-
thiothreitol in BBS. The mixture was dialyzed against 2 1 of BBS
containing 3 mM sodium borohyaride ýor l hr at 4°C. The buffer
was changed and dialysis performed against BBS for ancther hour
at 40 C. The STX derivative was then added to the dialysate. The
derivative was prepared by drying 5 mg STX under vacuum followed
by heating at 1100 C for 3 hr in the presence of 7.5 N HCl. The
resulting decarbamoyl-STX was dried under vacuum. The STX-SPDP-
KLH conjugate was reacted for 2 hr at room temperature and dia-
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lyzed overnight. The dialysis buffer was changed 2 times during
the next 2 days. Binding ELISA assay indicated the presence of
STX on the prepared conjugate although the exact amount present
is not known. Three BALB/c mice were immunized with this newly
prepared STX-KLH conjugate, and the anti-STX antibody titers
following the quaternary injections are shown on Table 2. The
mouse with the highest antibody titer was recently sacrificed and
its spleen cells were fused for the generation of monoclonal
anti-STX antibodies.

B. Generation of Monoclonal Antibodies Specific for Tetrodotoxin
(TDT)

In addition to the relatively high binding monocloh. anti-
TDT antibody (TD2C5), another clone, termed OBH0, was isolated
and was determined to have a Ka of 0.20 x 107 L/M and to be of
the IgGl subclass. Some of the characteristics of the OB10 clone
are described below.

C. Protective Effects of Anti-STX and Anti-TDT Antibodies

1. Brain Receptor Assay. Using the brain receptor assay,
the protective effect of anti-STX or anti-TDT antibodies could be
evaluated. This brain receptor assay has been described in
previous reports. For anti-STX antibodies, rat brain cells
membranes were incubated with [ 3 H] STX under saturating condi-
tions (6 nM, fi-al concentration) in the presence or absence of
antibody to STX for 1 hr at 4 0 C. The difference in [ 3 H] STX
binding in the presence and absence of anti-STX represented the
amount of [ 3 H] STX bound by the antibody. The amount of [ 3 H] STX
bound by antibody was then calculated from the specific activity
of [ 3 H] STX. For anti-TDT antibodies, the brain receptor assay
was performed by incubating anti-TDT monoclonal antibodies fcr 1
hr at 37 0 C with various concentrations of S._ or TDT in the
presence of membranes and [ 3H] STX. The binding curves generated
in the presence of antibody were compared with those of toxin vs.
['H] STX alone. The displacement or difference in toxin bound at
50t inhibition of [ 3 H] STX binding in the presence and absence of
antibody yielded the amount of toxin bound by the antibody, as
described in the first annual report. The results obtained with
the brain receptor assay employing anti-TDT monoclonal antibody
(TD2C5) were presented in the first annual report. 'Two monoclon-
al antibodie-s specific for STX (SlA5 and S3E.2) were tested for
their ability to bind STX and prevent its binding to the recep-
tor. S3E.2 (5.64 ug) was able to displace 0.89 ng (1.3 ng - 0.4
ng) of STX at the 50% inhibition point (Figure 1). In terms of
molar capacity, 1 nmol of S3E.2 bound 0.09 rimol of STX. In
comparison, SlA5 (1 nmol) was able to bind only 0.005 nmol STX
(data not shown).

2. In Situ Protection of Peripheral Nerve Function by
Anti-STX and Anti-TDT Antibodies. In order to test the in situ
protective ability of TD2C5 antibody, thirty male Sprague-Dawley
rats (age 40 to 60 days) were used in collaboration with Dr.
Deborah Armstrong of the University of Texas, San Antonio.
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Sodium Pentobarbital (Nembutal) was administered intra- perito-
neally (60 mg/kg body weight) and the rats were placed on an
isothermal heating pad. The left rear leg and hip were shaved
and the leg was immobilized on a small surgical platform. A
dissection was performed to expose the sciatic nerve and tibial
branch entering t gastrocnemius muscle. The skin surrounding
the incision was lifted and secured with hemostats to form an
enclosure for bathing the nrerve in warm 0.9% NaCl that contained
the various antibody (TD2C5) and TDT concentrations. The solu-
tions were applied and withdrawn using pasteur pipettes.

Bipolar stimulating and recording electrodes manufactured
from Teflon insulated silver wire were positioned beneath the
sciatic and tibia! nerves, respectively. 'Single square wave
pulses (0.05 msec duration) were used to evoke action potentials
which were recorded with a WPI differential amplifier. The
tibial nerve responses were displayed and photographed using a
Tektronix storage oscilloscope. Response amplitude was measured
as the difference between the most positive and negative deflec.-
tion of the compound action potential waveform. The stimulus
intensity (3 to 6 volts) was adjusted to produce maximal compound
action potential amplitude. Prior to any application of antibody
or toxin, the action potential amplitude was recorded every 20
sec for a 3 min period and the average of these six responses
formed the baseline data for each preparation. Experimental
treatment consisted of soaking the nerve for. 5 min in either 5.55
uM TD2C5 antibody alore (control), 10 uM TDT alone, 10 uM TDT
combined with 5.55 uM 2D2C5 antibody (EXP 1), 10 uM TDT combined
with 2.78 uM TD2C5 antibody (EXP 2), or 10 uM TDT combined with
0.55 uM TD2C5 antibody (EXP 3). When toxin and antibody treat-
ments were carried out, the antibody was added to the toxin
solution 1 hr prior to application. After 5 min of soaking the
nerve, the solution was then removed and the average response
amplitude was determined as described above for baseline data.
The same solution was then re-applied for an additional 5 min,
withdraw, and the average response amplitude was again deter-
mined. At the end of the experiment, the animal was sacrificed
with an overdose of Nembutal.

Baseline and experimental responses were compared using
analysis of variance (ANOVA) with a general linear model proce-
dure (SAS Institute, Cary, NC). Data displaying ar. overall
significance level of p less than 0.05 were further analyzed with
the Neuman-Keuls multiple range test.

The results of the experiments are summarized in Table 3.
When antibody was applied alone there was no significant change
in response amplitude. However, application of the toxin alone
reduced the compound action potential to 37% of baseline after 5
min and to 21% after an additional 5 min. The response was
preserved in the presenc-e of the two highest concentrations of
antibody used, but at the lowest concen' '- of antibody the
response was again significantly reduced i. dmplitude. Figure 2
provides examples of responses recorded following antibody alone
(control), TDT alone, and TDT combined with 5.55 uM of the anti-
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body (TD2C5). Based on these data as well as those from the
brain receptor assay, TD2C5 thus protects against TDT-mediated
toxicity.

In order to test the in situ protective ability of S3E.2 and
SlA5 antibodies, the tibial nerve of the gastrocnemius muscles of
male Sprague-Dawley rats (age 40 to 60 days) were exposed, to STX
in the presence and absence of antibody. Nerve action potentials
were recorded as described above. Baseline action potential
amplitudes were measured prior to each experimental manipulation.
STX (1 uM) with or without antibody was then added and the ampli-
tudes recorded 5 and 10 minutes later. When toxin and antibody
treatments were carried out, the antibody was added to the toxin
solution 1 hr prior to application. As shown in Table 4, S3E.2
offered significant initial protection against STX at all concen-
trations tested even at 30-fold molar excess. Over time, the
action potential decreased, although they remained greater than
those with STX alone. Increasing the S3E.2 in the ranges shown
had no import on this effect. This decline in anti-STX protec-
tion may reflect a re-establishment of equilibrium between STX
binding to antibody (Ka =106 M-1) and STX binding to STX receptors
on nerve and muscle ((Ka=10 9 M-1 ). The wide disparity (1000-
fold) in Ka between STX receptors and antibody binding affinity
of S3E.2 could conceivably cause STX initially bound to S3E.2 to
shift to the more strongly binding STX receptors. Such an effect
may account for the observed gradual dampening of action poten-
tials in the presence of STX and S3E.2. The SlA5 antibody was
also submitted to similar testing in rat gastrocnemius muscle.
Unlike S3E.2, it offered no protection against STX toxicity (data
not shown). This is probably not surprising in view of the even
lower Ka of this antibody for STX.

These data and those from the previous report suggest that
SlA5, although useful for detecting STX by ELISA, would offer
only modest protection against STX as judged by the brain recep-
tor assay and by the in situ protection experiments. The S3E.2
antibody would appear to offer more protection against STX.

D. Anti-Idiotypic Antibodies against Anti-STX and Anti-TDT
Antibodies.

1. Anti-TDT (TD2C5) Anti-Idiotypic Antibodies. A number
of BALB/c mice have been immunized with TD2C5 conjugated to KLH
in order to generate anti-idiotypic (anti-Id) antibodies. The
levels of circulating anti-Id in immunized mice were assessed by
a "sandwich" assay described in previous reports. Briefly,
microtiter wells were coated with Ab-i (TD2C5), incubated at 4 C
overnight and blocked with PBS supplemented with 5% normal goat-
serum (NGS). Serial dilutions of mouse sera were then added to
the microtiter wells and incubated for 1 hr at 37 0 C. After
washing off unbound antibodies, an appropriate dilution of TD2C5
conjugated to biotin (TD2C5-b) wis added and reactivity was
developed with the proper substrate. The anti-idiotype antibcdy
titers of three representative mice immunized with TD2C5-KLH are
presented in Table 5. A total of 4 fusions have been performed
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with spleen cells from mice injected with TD2C5-KLH in order to
generate monoclonal anti-idiotypic antibodies. Approximately
2000 resulting hybrids were tested for TD2C5 binding using the
"sandwich" assay described above. Nine hybril supernatants were
found to be positive for TD2C5 binding (data not shown). The
binding of the monoclonal anti-Id antibodies to TD2C5 appeared to
be specific in that no significant binding was observed with
monoclonal antibodies of other specificities (HD11 anti-T-2 and
S1A5 anti-STX antibodies) or normal mouse Ig. However, the
binding of the monoclonal anti-Id antibodies to TD2C5 did not
appear to be at the antigen-binding site since neither free TDT
nor TDT-BSA was able to inhibit this binding. These results
suggest that the monoclonal anti-Id antibodies generated are
specific for a site not associated with or distant from the
antigen-binding site (Ab-2 ). Although anti-idiotypic antibodies
which possess the "internal image" (Ab-2 ) represent ideal vac-
cine candidates, Ab-2 has been shown previously to be able to
modulate immune responses. The characterization of these mono-
clonal anti-idiotypic antibodies specific for TD2C5 is under
investigation.

Two rabbits were also immunized with unconjugated TD2C5
monoclonal antibody in alum. Serum from the third injection of
rabbits immunized with alum-precipitated TD2C5 was. extensively
adsorbed against a column of normal mouse immunoglobulin (Ig)
conjugated to Sepharose-4B to remove anti-isotypic and anti-
allotypic antibodies. In order to prepare this column, 5 ml of
normal mouse serum was salt cut with ammonium sulfate (50% final
concentration), stirred for 30 min at 40C and centrifuged for 20
min at 10,000 x g. The pellet was resuspended in coupling buffer
(0.1 M NaHCO 3 , 0.5 M NaCI, pH 8.3) and the OD280nm was deter-
mined. The total protein yield was 60 mg. Cyanogen bromide
activated Sepharose-4B (4 mg) was suspended in 1 mM HCl to yield
14 ml of swollen gel and washed with 800 ml of 1 mM HCI on a
glass filter. The 60 mg of Ig-containing protein was diluted to
20 ml in coupling buffer and mixed with the Sepharose overnight
at 40C on a rocker platform. Excess protein was washed off with
80 ml coupling buffer. Approximately, 10 mg of protein did not
bind to the column. Any remaining active groups on the Sepha-
rose-Ig gel were blocked with Tris-HCl buffer (0.1 M, pH 8.0) for
16 hr at 40C on a rocker platform. The gel was then washed with
three cycles of alternating pH: 100 ml of acetate buffer (0.1 M,
pH4.0, 0.5 MNaCI) followed by 100 ml of Tris buffer (0.1 M, pH
8.0 with 0.5 M NaCI). Rabbit serum (10 ml) was then added to the
Sepharose-Ig on a column and adsorbed overnight at 40C on a
rocker platform. The serum was eluted off and the column washed
with borate-buffered saline (BBS) until OD280nm reaC less than
0.01. Antibodies bound to the column (rabbit anti-mouse isotype
and allotype antibodies) were eluted with 0.1 M glycine, pH 3.0
buffer until OD280nm was less than 0.01 and the. protein-contain-
ing fractions were saved. The column was then washed with 200 ml
of BBS. Aliquots of the adsorbed serum and the column-bound
antibodies were tested by ELISA for binding specificity.

ELISA plates were coated with 10 ug/ml of TD2C5 or 50 ug/ml
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of a control mouse anti-T-2 IgG 1 antibody (HDI1) and 5% normal
goat serum (50 ul/well) and incubated overnight at 4 0 C. The
plates were blocked for 1 hr at 370 C with 5% normal goat serum
(200 ul/well). Serially diluted (twofold) adsorbed rabbit serum
(100 ul/well) were then added for 1 hr at 37 0 C. The plate was
washed with PBS-Tween three times and 50 ul of goat anti-rabbit
Ig conjugated to HRP was then added for 1 hr at 370 C. The plate
was again washed and developed with ABTS. The serum was suffi-
ciently adsorbed when binding was noted on the TD2C5 wells but
not the HDI wells. The ELISA from the final adsorption is shown
in Table 6 and clearly demonstrates the specificity of the ad-
sorbed serum for TD2C5 and not HD1 1.

To further assess the specificity of rabbit anti-TD2C5
binding, the ability of rabbit anti-TD2C5 serum to prevent
TD2C5 -b binding to TDT-BSA coated plates was tested by an inhi-
bition assay. TDT-BSA coated plates were blocked with 5% normal
goat serum in PBS for 1 hr at 370 C. TD2C5-biotin was diluted to
1:800 (50% binding) in BBS buffer. Dilutions of normal rabbit
serum or anti-TD2C5 serum were mixed with an equivalent volume of
TD2C5-biotin for 1 hr at 37 0 C prior to adding 100 ul of 'each
mixture to the blocked ELISA plate for another hour at 370 C. The
plate was washed and 50 ul of strep-avidin HRP at a 1:1000 dilu-
tion was added per well for 30 minutes at room temperature. The
plate was washed and developed with ABTS. The rabbit anti-TD2C5
inhibited the binding of TD2C5-biotin in a dose-dependent fashion
(Fig. 3). The normal rabbit serum had no effect on binding.
These data suggest that at least one species of anti-TD2C5 is
present in the serum that is specific for the binding site of
TD2C5.

To further characterize the rabbit anti-Id response, free
TDT was assayed for its ability to inhibit the binding of the
rabbit anti-TD2C5 serum to TD2C5-coated plates. Various concen-
trations of TDT (0.2 to 200 ug/ml) were added to microtiter wells
pre-coated with TD2C5 (10 ug/ml). The plates were incubated for
1 hr at 370 C and washed to remove unbound TDT. A 1:2500 dilution
of anti-TD2C5 serum (50 ul) was then added for an hour at 37 0 C
and the plate washed. Goat anti-rabbit IgG-horseradish peroxi-
dase was added for another hour at 37 0 C. The plate was washed
and developed with ABTS. Free TDT at any concentration was
unable to inhibit the binding of rabbit anti-TD2C5 (data not
shown). These results suggest that the rabbit anti-TD2C5 is
similar to the rabbit anti-HDll anti-idiotype (anti-T2 toxin)
described in a previous report, in that the anti-TD2C5 apparently
possesses at least 2 species of anti-Id antibodies: 1) those
specific for the TD2C5 binding site which inhibit binding of
TD2C5 to TDT-BSA coated plates and 2) those recognizing non-
antigen binding site Id determinants which are responsible for
binding to TD2C5-coated plates in the presence of excess TDT.

The rabbit anti-TD2C5 has been purified further by affinity
adsorption on a TD2C5-Sepharose column prepared as described for
normal mouse serum Sepharose above. The anti-TD2C5 serum was
adsorbed once on the column and most, if not all, of the anti-
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TD2C5 was successfully bound to the column (data not shown). The
adsorbed serum and the eluted antibody were tested for anti-TD2C5
reactivity using TD2C5 solid phase ELISA. This affinity purified
rabbit anti-TD2C5 preparation will be used to immunize mice for
the induction of anti-TDT antibody response.

Monoclonal anti-STX SlA5 was also conjugated to KLH and
injected into BALB/c mice for the production of anti-idiotypic:
antibodies. Thus far, no circulating anti-Id antibodies specifji
for SIA5 have been detected in the immunized mice.

E. induction 2f Anti-T-2 Antibodies in BALB/c Mie~ D Injectionof Rabbit Anti-,Id Antibody to HDII

Employing HDII alum precipitate as an immunogen, we have
generatod rabbit anti-Id antibodies that appear to recognize at
least two specificities. One of these specificities is hapten-
inhibitable, whereas the other is framework-associated and non-
hapten inhibitable (for details, see the first yearly report).

To determine it the rabbit anti-ld antibodies could induce
the production of an anti-T-2 immune response, four groups of
five BALB/c mice each received the following antigen prepara-
tions:

I. T-2 conjugated to ovalbunin.
2. Rabbit anti-Id precipitated in alum.
3. Rabbit anti-Id conjugated to KLH and alum precipi-

tated.
4. Rabbit anti-Id specific for an antibody to hepati-

tis B surface antigen prepared as in 3. This served as the
negative control.

All mice receive bi-weekly injections. The first injection
was. performed in Freund's complete adjuvant followed by a boost
in Freund's incomplete adjuvant. Both injections were done
intradermally. Subsequent boosts were done with antigens in
saline intraperitoneally. Mice were bled after the 4th injection
and their sera assayed for the presenze of anti-T-2 antibodies
and for the expression of the original idiotype (HD11, or Abl).
The results are shown in Figure 4. The group of mice immunized
with T-2-OVA gave a good anti-T-2 antibody response. Mice immu-'
nized with rabbit anti-Id conjugated to KLN also gave a signifi-
cant anti-T-2 immune response, whereas unconjugated rabbit anti-
Id induced a lower anti-T-2 antibody response. Mice immunized
with the control anti-Id did not induce a detectable anti-T-2
response (data not shown).

The expression of the original Id on HDII anti-T-2 monoclon-
al antibody bythe anti-T-2 antibody response in these mice was
also assessed. The results are presented in Figure 5. In this
assay, microtiter wells were coated with 50'ug/ml of T-2-BSA and
reacted with varying dilutions of mouse sera. After extensive
washing, rabbit anti-HDý was added, followed by goat anti-rabbit
Ig conjugated to biotin, and reactivity was detected with
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avidin-HRP and the appropriate substrate. The results showed
that the anti-T-2 antibody response induced by the rabbit anti-Id
either conjugated to KLH or unconjugated expressed a high degree
of HD,, Id. On the other hand, the T-2-OVA-induced anti-T-2
response was devoid of detectable HDII Id.

Taken together, these retults showed that rabbit anti-
idiotypic antibodies specific for HD1 I anti-T-2 antibody could
induce in naive mice the generation of an anti-T-2 antibody
response. Although the anti-T-2 immune response induced by the
rabbit anti-Id was of a lower magnitude compared to that induced
by the native antigen (T72-OVA), it consisted of a strong expres-
sion of Hdll Id-positive anti-T-2 antibodies which have been
shown to be protective against the in vitro cytotoxicity of T-2.
As we have mentioned earlier, HD11 represents one antibody which
possessed protective capability among approximately 100 monoclon-
al anti-T-2 antibodies derived from'fusions of spleen cells from
mice immunized with T-2-OVA. The frequency of protective anti-
bodies from immunization with the native antigen thus appeared to
be very lcw. Therefore, it is not unreasonable to speculate that
by modulating the anti-T-2 antibody response toward the expres-
sion of protective antibodies such as HD11  as has been achieved
with the rabbit anti-id, one may induce a more effective in •iYQ
protection against T-2 toxicity.

.F. ous Mn &miArnt~ij AntibodV kpgJiri, LQr UlD1 AnLzzTzi2

To generate monoclonal anti-ld antibodies againat ND1 , a
group of five BALB/c mice were immunized with 50 ug each of iiDI!
conjugated to KUI and alum precipitated. .fter four injections,
the mice were sacrificed and their splee, cells fused with tile
NS-1 myeloma cell line. Supernatants obtained from wells with
hybrid growth were screened using the following ELISAs. Microtit-
er wells were pre-coated with 50 ul of 10 ug/ml purified solution
of HDl . Nonspecific sites were blocked with PBS supplemented
with 5 normal goat serum. Culture supernatants were then added
to the wells and incubated for 1 hr at 370 C. After washing away
unbound antibodies, reactivity was developed with HD1 1 conjugated
to biotin (HD1 I-b) and the appropriate substrate. Nis assay is
designed to assess the ability of the culture supernatants to
birI to FfD1i. A second ELISA wa-i also perfoemed concurrently.
In this assay, microtiter wells were coated with 50 ug/ml of
T-2- BSA. Mixtures of a concentration of HD1 1-b which gave ap-
proximately 50% T-2 binding and culture supernatants were added
to the wells. Reactivity was developed by addition of avidin-
horsoradish peroxidase (A-HRP) and the appropriate substrate.
Ihis ELISA is designed to test for the ability of hybrid superna-
tintr to inhibit the binding of MDi1 to T-2. Amonq approximately
,V0o hybrids tested, one was found to bind HDI and to inhibit the
binding of {DII to T-2-RSA coated wells. TRis hybrid was sub-
'21Dned by limiting dilution until more than 95% of the clones
wr'ro reactive. One subclone, designated DER, was chosen for
tur thor characteri zat ion.

12



1. DE Iyp. The isotype of the monoclonal antibody
produced by DES hybrid cells was determined using two methods.
The first method involves the direct staining of DES hybrid cells
with goat anti-mouse isotype specific antibodies conjugated to
FITC. The second method uses an isotyping ELISA kit (Biorad).
Data obtained from both methods indicated that DES is an IgGb
monoclonal antibody.

2. SpecfIijiy of t1he Binding 2f DEM t iDlQ. DES hybrid
cells were injected into primed BALB/c mice to generate ascites.
DE8 monoclonal IgG 2 b antibody was purified from the ascites by
caprylic acid precipi tation as described in previous reports. To
asses3 the specificity of the binding of DES to HD11 , binding and
inhibition ELISAs were employed (Figures 6 and 7, respectively).
In the binding assay, various concentrations of purified DE8
antibody were added to HDI pre-coated wells. Binding activity
was detected by the addition of HD1 1 -b and the appropriate sub-
strate. As shown in Figure 6, the binding of DES to HD11 was
dose-dependent. The 50% binding end point was obtained at ap-
proximately 7.8 ng/ml of DES. Normal mouse serum and a control
monoclonal antibody (S3E.2) did not show any significant binding
to HD1 l (data not shown). To further assess the specificity of
binding, an inhibition assay was used. In this assay, various
concentrations of DES were mixed with a constant concentration of
HDII-b which gave 50% binding and were added to wells pro-coated
with T-2-BSA. For negative controls, normal mouse serum and
control monoclonal antibody were used instead of DE8. Figure 7
shows that DES was very efficient in inhibiting the binding
HD1 1 -b to T-2-BSA. As little as 3.6 ng/ml of DES inhibited
HD1 1 -b binding to T-2-BSA by approximately 45%. On the other
hand, normal mouse serum or control antibody did not inhibit the
binding (data not shown).

3. via h-e.g9gniaq1 a Hi tnz-1nh~Abi=1 Idivigyi
"D t,!•JJ•naiifl. To determine whether the idiotypic determinant
recognized by DES is hapten-inhibitable, the following two assays
were done. In the first assay, various concentrations of free
T-2 were used to inhibit the binding of HD1 1 -b to DES-coated
wells. The data are shown in Figure 8. T-2 specifically inhib-
ited the binding in a dose-dependent fashion. The 50% inhibition
ond point was obtained with approximately 10 nq/ml of free T-2.
>axitoxin and tetrodotoxin at concentrations as high as 200 ug/ml
did not show any significant inhibition. In the second ELISA,
v,irious concentrations of free T-2 were used to inhibit the
binding of DFS-b to HD -coated wells. The results are shown in
Figure 9*. Similar to data obtained in Figure 8, T-2 was effi-
cipnt in ir'iibiting the binding of DE8-b to HD 1 1 . Again, there
wI; no significant inhibition with saxitoxin or tetrodotoxin at
c.oncpntratrnns as high as 200 ug/ml (data not shown). Taken
togethor, these results suggest that DES recognizes an idiotypic
'I, terrin,,nt which is specific for HDO1 and which can be inhibited
hy fret hapten T-2.

4. P,,bbit An~r-UNiioyre Jnhi0bio VE- Vindlng t RDQ,,. As
mntioncd above, we have generated a rabbit anti-idiotypic anti-
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body specific for HDll. This rabbit anti-idiotype recognized at
least two different i diotypic specificities on HDIl. One of the
specificities was shown to be associated with HD l-binding site,
whereas the other specificity was not inhibitaile by T-2 and,
therefore, must be associated with non-binding site idiotypic
determinants. In order to assess whether the hapten inhibitable
idiotypic determinant on HD11 recognized by rabbit anti-idiotype
was the same as that recognized by DE8, we tested the ability of
the rabbit anti-idiotype to inhibit the binding of DE8 to HD
In this assay, mixtures of various con:entrations of the rab5Ht
anti-idiotype and a constant amount of DES-b which gave approxi-
mately 50% binding were added to wells pre-coated with HD1 1 . The
results are shown in Figure 10. The data indicated that the
rabbit anti-idiotype was efficient in inhibiting the binding of
DEB-b to HDX, whereas normal rabbit serum did not show any
significant inhibition. The results suggest that the rabbit
anti-idiotype and DE8 competed for similar T-2 binding sites on
HD11 .

5. DE o noclonal A iy not CQb.QXL ytotoxf• Lor'
Cell. Since DE8 monoclonal anti-idiotypic antibody appears to
carry the internal im3ge of T-2, we tested the possibility that
DE8 itself would mimic T-2 and thus would be cytotoxic to the
human cell line Hep-2. The results indicated that DE8 itself was
not cytotoxic to the Hep-2 cell line (data not shown). The lack
of cytotox~city may be due to the relatively large size of the'
DE8 antibody molecule as compared to T-2.

G. IndALucQfl 21 - ircltijg Antzi-T2 An tibdy 'in BAB M1ig k~y
InitQin 21 M Antibody.

To assess the ability of DE8 anti-Id antibody to induce the
formation of a circulating anti-T-2 immune response, 3 groups of
5 BALB/c mice each received the following immunizations:

1. T-2-ovalbumin
2. Unconjugated DE8 anti-Id precipitated in alum
3. DE8-KLH conjugate precipitated in alum

The first injection was performed intradermally in Freund's
complete adjuvant, followed by a boost in Freund's incomplete
adjuvant. Subsequent boosts were done with antigens in saline
intraperitoneally. All mice received bi-weekly injections. The
immunized mice were bled subsequently and the sera assayed for
anti-T-2 antibodies and for the expression of the Jdiotype on the
original Ab-l preparation (HDll). Figure 11 shows the anti-T-2
reactivity of the sera of mice after the third injection of T-2-
OVA, DE8-alum or DES-KLH-alum, as aqsessed by an ELISA employing.
T-2-BSA-coated microtiter wells. The results show that all 3
groups of mice made significant anti-T-2 antibodies following the
third injection of antigens. It is interesting to note that the
group of mice that received DES-KLH-alum produced the highest
titer of anti-T-2 antibodies, followed by the mice immunized with
DE3-alum and T-2-OVA. These results confirm our previous obser-
vations that conjugation of an Ab-l to a protein carrier such as

14



KLH induces a significantly higher immune response in a syngeneicsystem than unconj'ugated Ab-i antibody. In order to assess the
level of expression of HD11 + Id anti-T-2 in the 3 groups of mice,
the following ELISA was utilized. Microtiter wells were coated
with purified HDI 1 anti-T-2 antibody overnight at 40 C. After
blocking of non-specific sites, mixtures of a dilution of DE8-
biotin giving approximately 50% binding to HD11 with various
dilutions of mouse sera were added to the microtiter wells and
incubated Lor 1 hr at 37 0 C. After washing off unbound anti-
bodies, DE8-b bound to HD1 1 -coated wells were detected by the
appropriate substrate. The presence of HDII+ (IMll-like)
anti-T-2 antibodies in the mouse sera will inhibit the binding of
DES-b to HD1 l-coated wells. The results are shown in Figures 12
and 13 for DE8-KLH-alum and DE8-alum immunized mice, respective-
ly. Although the differerce is not significant, it generally
appears that DE8-KLH-alum immunized mice produced a somewhat
higher level of HD11 + anti-T-2 antibodies. On the other hand,
mice immunized with T-2-OVA did not produce significant levels of
HD1 1 +-Id antibodies. The range of inhibition of the binding of
DE8-b to HDll-coate•d wells by sera from mice immunized with T-2-
OVA at 1:10 dilution ranged from 0 tc 19.3% (data not shown).
Thus, these data clearly demonstrated the ability to modulate an
immune response by anti-Id antibodies to contain a particular
Id+-antibody, in this case HD11 anti-T-2 antibody, which we have
shown earlier to protect against T-2 in vitro cytotoxicity.

To assess whether the anti-T-2 antibodies in the DES-KLH-
alum,' DE8-alum, or T-2-OVA immunized mice could protect against
Hep-2 cytotoxicity induced by T-2 toxins, various dilutions of
mouse sera were added to a known concentration of T-2 toxin
giving approximately 50% inhibition of ( 3 H]-leucine and incubated
for 2 hrs at 37 0 C. The mixtures were then added to 96-well
tissue culture plates containing monolayers of Hep-2 cells,
followed by the addition of ( 3 H]-leucine and the incorporation of
the radioactive amino acid was determined by scintillation count-
ing as described in previous reports. The results in Figure 14
indicated that seza from mice immunized with DE8-KLH-alum or
DE8-alum were effective in protecting Hep-2 cells against T-2
toxin-induced cytotoxicity, whereas sera from mice immunized with
T-2-OVA were not as effective in protecting against T-2 cytotox-
icity. The specificity of the anti-T-2 antibody response in all
three groups of mice was demonstrated by the fact that their
binding to T-2 was completely inhibited by 50 ul of a solution of
T-2-BSA at 100 ug/ml (data not shown). BSA itself did not inhib-
it this binding. The titration of the inhibition by T-2-BSA is
currently in progriss. Interestingly, free T-2 toxin was not
capable of inhibiting the binding of the anti-T-2 mouse sera to
T-2-8SA.

ff. Future EI_4nA[

We are continuing to employ the two novel approaches men-
tioned above Jn our attempt to generate anti-STX antibodies of
high binding affinities. It is anticipated that the use .%* STX-
SPDP-KLH conjugate as an immunogen will enhance our ability to
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derive high binding monoclonal antibodies. The in vitr second-
ary stimulation of hyperimmunized spleen cells will dlso increase
the likelihood of obtaining monoclonal anti-STX antibodies with
high binding affinities.

We will concentrate our effort in generating monoclonal
anti-idiotypic antibodies specific for TD2C5 anti-TDT and SlA5
anti-STX antibodies. Monoclonal anti-Id antibodies generated
will be characterized and their potentials in inducing a systemic
anti-toxin immunity will be assessed in mice.

A group of approximately 100 BALB/c mice are currently being
immunized with DE8-KLH precipitated in aluim in order to induce a
systemic anti-T-2 antibody response. After approximately 4 to 5
injections and the demonstration of a significant circulating
anti-T-2 immune response, these mice will be infected with T-2
toxin in order to assess the potential vaccine use of the anti-Id
DES antibody.
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TABL7' 1

In-Vitr Secondary Stimulation

No. of No. of
Fusions Hybrids Tested Positive Hy..rids % Positive

1 98 12 12.3
2 105 9 8.9
3 67 14 20.6

Spleen cells from mice hyperimmunized with STX-KLH were cultured
in v with 1 uM STX as described in text and fused.
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TABLE 2

Reactivity of Sera from Mice Immunized with STX-SPDP- LH

BALB/c Mice

Serum' A B CDilution-1b p.I.a Immuneb P.I. Immune P. immune

20 0.06 0.86 0.03 0.64 0.01 0.50
80 0.06 0.82 0.05 0.61 0.45 0.44

360 0.03 0.69 0.06 0.49 0.:5 0.38

Mouse sera were assayed for binding to STX-BSA-coated microtiter
wells.

a Pre-immune sera
b One week after the 4th injection
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TABLE 3

Comparison of baseline and experimental nerve response amplitudes
following treatment with 5.55 uM antibody alone (control), 10 UM TDT
alone (TDT), 10 uM TDT combined with 5.55 uM antibody (EXP 1), 10 uM
TDT combined with 2.78 uM antibody' (EXP 2), and 10 uM TDT combined
with 0.55 uM antibody (EXP 3)

Treatment
N=6

per Group Baseline 5 min 10 min

Control 1.29 ± 0.23 1.20 ± 0.25 1.10 ± 0.18
TDT 1.31 ± 0.23 0.49 ± 0.12* 0.29 ± 0.07*
EXP1 1.07 ± 0.08 0.96 ± 0.13 0.85 ± 0.08
EXP2 1.27 ± 0.10 1.06 ± 0.13 0.79 ± 0.20
EXP3 1.26 ± 0.08 0.69 ± 0.13* 0.40 ± 0.09*

*Significantly different from baseline response, p < 0.05,
Neuman-Keuls.
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TABLE 4

Comparison of baseline and experimental responses amplitudes of tibial
nerve from rat gastrocnemius muscle in the presence or absence of STX
and/or S3E.2 anti-STX antibodya.

Action Potential (mY)
Treatment Baseline 5 min 10 min

Controlb 1.53 ± 0.19 1.48 ± 0.22 1.32 ± 0.20
STXc 1.43 ± 0.13 0.54 ± 0.14 0.13 ± 0.20
EXP1d 1.49 ± 0.21 0.91 ± 0.25 0.55 ± 0.09
EXP2e 1.50 ± U.13 1.07 ± 0.06 0.65 ± 0.03
EXP3f 1.27 ± 0.18 0.68 ± 0.10 0.44 ± 0.09

a Data are the compound-action potential amplitude in mV ± the S.E.M.
b n=4
c STX (1 uM), n=4
d STX (1 uM) and S3E.2 (5 tiM), n=4
e STX (1 uM) and S3E.2 (10 uM), n=5
f STX (1 uM) and S3E.2 (30 uM), n=3
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TABLE 5

Titration of Mouse Anti-TD2C5 Sera by Sandwich ELISAa

Mouse Serum Anti-TD2C5 Sera
Dilution- 1  Normal Serum Serum 1 Serum 2 Serum 3

10 0.039 0.623 0.604 0.538
20 0.048 0.406 0.324 0.370
40 0.057 0.263 0.156 0.217
80 0.048 0.123 0.093 0.123

160 0.070 0.086 0.090 0.086
320 - 0.084 0.069 0.077
640 0.068 0.081 0.060

1280 - 0.068 0.071 0.057

a Microtiter wells were coated with 50 ul of 10 ug/ml TD2C5 as the
solid phase. Mice received 6 biweekly injections with TD2C5-KLH.

21



TABLE 6

Specificity of Adsorbed Rabbit Anti-TD2C5 Serum

Rabbit Serum Microtiter Wells Coated with
Dilution- 1  Normal Mouse Ig HD1 1  TD2C5

640 0.05 0.08 >2.0
1180 0.06 0.05 >2.0
2560 0.04 0.04 >2.0

20480 0.05 0.04 >0.82
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FIGURE LEGENDS

Figure 1. Competitive displacement of [ 3 H]STX binding to rat
brain membranes by S3E.2. H] binding was
performed in the presence of STX alone (o) or STX
plus 5.64 ug of S3E.2 (o) for I hr at 40C. The
broken line represents the 50% inhibition of
binding in the presence of S3E.2.

Figure 2. Comparison of baseline and experimental nerve
response amplitudes following treatment, with 5.55
uM TD2C5 antibody alone (top row), 10 uM TDT alone
(middle row), or 5.55 uM TD2C5 plus 10 'uM TDT
(bottom row). Amplitudes were measured just prior
to addition of the above compounds (baseline),
then at 5 and 10 min post addition.

Figure 3. Inhibition of TD2C5-b binding to TDT by rabbit
anti-idiotype (). Normal rabbit (x).

Figure 4. Rabbit anti-idiotype induces anti-T-2 immune
response. Reactivity of mouse sera was detected
in an ELISA with T-2-BSA coated plates.

Figure 5. Rabbit anti-idiotype induces an idiotype-positive
T-2 response. The assay employed is described in
the text.

Figure 6. Binding of HD1 1 -b to DE8-coated wells.

Figure 7. Inhibition of HDII-b binding-to T-2-BSA by DES.

Figure 8. T-2 toxin inhibits the binding of HD1 1 -b to DE8-
coated wells.

Figure 9. T-2 toxin inhibits the binding of DE8-b to HD11 -
coated wells.

Figure 10. Rabbit anti-HD1 1 idiotype inhibits the
binding of DE8-b to HDll-coated wells.

Figure 11. Anti-T-2 reactivity of sera from mice immunized
with DE8-KLH (o) , DE8 ( ) or T-2-OVA ( ) .
Representative of results froma single mouse serum
in groups of 5 mice are shown.
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FIGURE LEGENDS
(continued)

Figure 12. Presence of HD11+-Id anti-T-2 antibodies in
sera of mic'eimmunized with DE8-KLH. Results from
.all 5 mice are shown.

Figure 13. Presence of HD11+-Id anti-T-2 antibodies in
sera of mice immunized with DE8. Res,.Its from all
5 mice are shown.

Figure 14. DE8 abolishes the protective effect of HDjj
against T-2 toxicity of the Hep-2 cell line;
DE8-KLH (x), DE8 and T-2-OVA
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